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PROCESS FOR THE PRODUCTION OF CARBOXYLIC ACID 
The present invention rdates in general to the productton of a carboxylic 
add by the carbonylation of an alcohol and/or a reactive derivative th^eof and in 
particular to the production of a carboxylic add by the carbonylation of an alcohol 
and/or a reactive derivative thereof in the liquid phase in the presence of water and 
a heterogeneous carbonylation catalyst. 

The production of acetic acid by the rhodium-catalysed, iodide-promoted 
carbonylation of methanol in a homogeneous liquid-phase reaction niedium is a 
well-known process and is operated on a commercial scale. It has been recognised 
for some time that the presence of water in the carbonylation reaction is desirable 
because it accelerates the carbonylation reaction and improves the selectivity to the 
desired product The desirability of employing hetmgeneous carbonjiation 
catalysts for the purpose of fodlitating product separation from the catalyst has 
also been recognised. Heterogeneous carbonylation catalysts and thdr use are 
described in a number of patent publications including, for example USP 
5,155,261; EP^A-65681 1; USP 5,364,963; and USP 5,360,929. 

USP 5,1 55,261 discloses a process for preparing acetic add, comprising 
the step of reacting methanol with carbon monoxide under pressures of about 65- 
80 Bar and a tenqierature of about 170-200^C in the presence of an iodide 
promoter add and a catalyst comprising an insoluble polymer having pmdant firee 
base. N-oxide or quatenused pyridine groups supporting a rfao<tium spedes loaded 
to less than about 10 wdght p^^ent (expressed as metal) of the polymer 
componrat 

EP-A-6568 1 1 disdcses a catalyst composition for use in carbonylation 
comprising a polymer having pendant pyrrolidone groups supporting a rhodium 
spedes, and a catalyst promoter comprising an alkyi iodide. 
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USP 5,364,963 discloses a catalyst for the production of acetic add from 
methanol and carbon monoxide compri^g a rhodium complex supported on a 
porous, cross-linked vinyl pyridine rean, wherdn said vinyl pyridine resin has a 
cross-linking degree of 30-60%, a pore volume of 0.2-0.4 cc/g and an average^ore 
5 diamet^ of 20-100 nm, 

Fmally, USP 5,360,929 discloses a process for the production of a 
carboxylic add anhydride which process comprises contacting a reason 
composition comprising a carboxylic add ester, a hydrocarbyl halide and/or a 
hydrocarbyl ethw reactant and a hydrocarbyl halide promoter with carbon 
10 monoxide in the presence of a catalyst comprising an insoluble polymer support 
having pendant quatemised N-base or alkylated N-oxide pyridine groups 
supporting a rhodium spedes in which process there is maintained throughout the 
process a finite concentration of carboxylic add anhydride in the reaction 
composition. 

15 A problem associated with the use of heterogeneous catalysts in 

carbonyladon processes is that of leaching of the catalytic spedes, typically 
rhodium, from the support material.. Thus, in USP 5,360,929 it is stated:- 
"It has now been found, contrary to the description of US P^t. No. 
5,155,261, that rhodium is leached from a polymer support ynder typical 
20 carbonylation conditions of high pressure and temperature in the presence 

of an aqueous liquid phase. Sudi leachmg of riiodium may present 
difiSculties, for example reqiming recovery of the rhodium if the process is 
to be operated continuously**. 
The problem is also mentioned in, for example, EP-A-056733 1, which states as 
25 fbllows:- 

••Continuous carbonylation of methanol in the presence of nftthyl iodide 
promoter using a flow type reaaor having a fixed bed of a rbo<Uum 
supporting polymer cataly^ is shown in Hortkjaer et al. Applied Cataly^ 
62,269-278(1991). Acconfing to this report, however, the feadung out of 

30 rhodium con^derably occurs so that, about several hcHirs after the 

commencement of the reaction, the intrin^c activity is about 4.6 times 
lower than for the homc^eneous catalyst". 
The problem to be solved then is that of redudng leaching of the active catalytic 
spedes from the support material during the carbonylation of an alcohol and/or a 

35 reactive derivative thereof in the liquid phase in the presmce of water and a 
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h^erog^eous caibonylation catalyst to produce a product comprising a carboxylic 
acid. We have found that a solution to the problem is to conduct the caii>onylation 
in the additional presence of hydrogen. 

Hydrogen has been used before in carbonytation reactions. Thus, the - 

S aforesaid USP 5,360,929 motions that hydrogofi may be present as a co-promot^ 
in the caibon monoxide feedstodc, the solution to the problem of rhodium leaching 
firom the heterogeneous catalyst bdng the maintenance throughout the process of a 
finite concentration of carboxylic add anhydride in the reaction composition. The 
patent emphasises that by u^ng a reaction compodtion in which there is miuntained 

10 a finite concentration of carboxylic acid anhydride the reaction composition is 
maintained substantially anhydrous and substantially no water and/or alcohol will 
be present in the reaction composition. Tlus differs firom the process of the present 
invention in which both water and alcohol or reactive derivative thereof are present 
in the reaction composition and the product comprises acetic acid. 

15 In EP-B*02501 89 there is also described a cart)ony]ation process in the 

presence of hydrogen. In this process a tower carboxylic add is produced by 
reacting a feed consisting essentially of an alcohol having one less carbon atom 
than said add with carbon monoxide in a carbonytation reactor holding a liquid 
reaction medium containing a rhodium catalyst, the process comprising maintaining 

20 in said reaction medium during the course of said reaction a quantity of water 

together with (a) a catalyst stabifis^ sdected fit>m iodide salts which are sohible in 
said reaction meduim at reaction tempmture, (b) the iodide derivative of a lower 
hydrocarbon corresponding to stud alcohol and (c) the ester of said alcohol with 
said cart>oxylic add, duuracterised in tt^ there is also maintained a partial pressure 

25 of hydrogen of at least 4 p^ (27.58 kPA) at reaction conditions and the quantity of 
water is less than 14% by wdght of said reaction medhim. The invention does m>t 
address the problem of active catalytic spedes leaching firom the support during 
heterogeneously catalysed carbonytation, indeed throughout the disclosure there is 
no mention of the use of a heterogeneous caibonjiation catalyst 

30 Accordingly the present invention provides a process for the production of 

a product compri^g a carbo)^c add having n + i carbon atoms wMcfa process 
comprises reacting in the liquid phase at elevated temperature and pressure a 
compoation comprising an alcohol having n carbon atoms and/or a rea^ve 
derivative thereof a halogen and/or a halogen compound promoter, water and 

35 carbon monoxide in the presence of hydrogen and a heterogeneous catalyst 
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comprising a Group Vm noble metal spedes on a polymeric resin haying 
functional groups selected from nitrogen-containing heterocycles. 

The alcohol having n carbon atoms may suitably be an aliphatic alcohol 
having 1 to 12 cari>on atoms, preferably 1 to 6 carbon atoms, including methanol, 
5 ethanol, propanol and isopropanoU butanols, pentanols and hexanols/: A preferr^ 
alcohol b methanol, the carbonylation produrt of which comprises ac^c acid 
and/or methyl acetate. Reactive dwivatives of the alcohol which may be used as an 
alternative, or additional thereto, include dialkyl ethers having n cari>pn atoms and 
esters of alcohols having n carbon atoms with carboxylic acids having n + 1 carbon 
10 atoms. Suitable reactive derivatives of methanol, for example, include methyl 
acetate, dimethyl ether and methyl iodide. A mixture of more than one alcohol 
and/or reactive derivative thereof, for example a mixture of methanol and methyl 
acetate, may also be employed. 

As promoter there may be used dther a halogen or a halogen compound, 
1 5 which may be for example a hydrogen halide, an alkyl or an aryl halide, a metal 
halide or an ammonium, phosphoniunt, arsonium or stibonium halide. Promoters 
containing iodide as the halogen moiety are preferred. Preferably the promoter is 
an alkyl iodide, preferably an alkyl iodide having an alkyl moiety corresponding to 
the alcohol and/or its reactive derivative reactanl, for example methyl iodide. 
20 Water is an essential component of the reaction mbcture in the process of 

the present invention. Suitably water may be present in an amount greater than 
0. 1% up to 25% by wdght based on the wdght of the reaction nuxture. Typically 
two ranges may be distinguished within the afore^d broad range, a; first bemg 
from greater than 0. 1 to 6.0%, preferably from about 0.5 to 4% by yrdght, wWch 
25 may be tamed Tow water* conditions and the second b&ng from greater than 6.0 to 
25%, preferably from 8 to 18% by weight, which may be termed liigh water* 
conditions. Water is in general produced during the carbonjiation process as a by- 
product of esterification. This vwtter may be recycled to the reaction mfadure. 
Generally it will be necessary, especially for liigji water* conditions, to inchide 
30 water in the reaction compo^tion. 

The carbon monojdde reactant nxay be essentially pure or ntay contain 
impurities sudi as carbon mono?dde, methane, nitrogen, noble gases and Ci to C4 
parafiBruc hydrocarbons. 

The hydrogen essential to the performance of the present iiivention may be 
35 fed with the carbon monoxide reactant or may be fed separately therefrom. In a 
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continuous process the hydrogai may be fed either continuously or intenmttently. 
The amount of hydrogCT required to aciueve the benefits of the preisCTt invention 
will vary depending upon at least the particular reaction conditions employed. 
Typically, the hydrogen partial pressure may be from 0. 1 to 10 bar,: preferably Q.4 

5 to 8 bar, espedaliy 1 to 4 bar. 

The heterogmeous catalyst employed comprises a Group Vm noble metal 
on a support. The noble metal is bound to a polynoeric resin having a fimctional 
group selected from nitrpgen-cont^ng hel^ocycles. The polym^c re^ may be 
an unsubstituted imidazole or ^bstituted imidazole such as 2-pyridyl-2*imidazole» 

10 benzimidazole, S-benzimidazote carboxylic add and hydroxy substituted inudazoles 
and benzimidazoles. 

The polymer may also be a polymer having pendant quatemised N-base or 
alkylated N-oxide pyridine groups. Preferably the polymer resin is a porous cross- 
linked 4- or 2* vinyl pyridine copolymer in the free base or N-oxide form which has 

I S been respectively quatemised or alkylated in situ with a hydrocarbjd halide. 

Suitable hydrocarbyl halides are those described hereinbefore in relation to halogen 
compound promoters. 

More preferably the polymer resin is prepared from a porous cross-linked 
poly (4- or 2- vinyl pyridine) copolymer such as those commercially available from 

20 Reilly Industries Inc. under the REILLEX™ femiiy of trademarks. Examples of 
these are Reiilex™ 225, Reillex™ 402, Rdllex™ 425 and Rdllex HP rean. In 
these Reiilex TM copolymers pyridine rings are attached (Urectty at thdr 4- or 2* 
positions to the polym^ badcbone which is in turn cross-linked with some 
percmtage of divinyl benzene bdng pr^ent. ReiUex™ 425, for exan^le, is a 

25 preferred polymer, bdng a 25% cross-linked copolymer of 4- vinyl pyridine and a 
commercially available diwiyl b^izene exhibiting a convenient insoluble bead form, 
lugh poro^ty, good thermal stability, and high concmtration of metal binding sites. 
RdUex™ 425 is typically available in bead szes of approximately 18-50 mesh. The 
tempmtture stab'dity for extexKled use of Rdllcx™ 425 polymer is iabout 260**C, 

30 whidi is partio^arly practical for commerdal carbonylatioa processes. 

Other preferred polymers mdude, for example, other cross^linked poly (4- 
and 2* vinyl pyridine) copolymers such as those commerdaOy available under the 
Reiilex^ 402 and 225 trademarks. Of tiiese, Reiilex^ 225 is a 25% cross*linked 
copolymer of 2- vinyl pyridine and a commerciany available diving benzene. 

35 Reiilex™ 402 is a 2% cross-linked copolymer of 4- vinyl pyridine and a 
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conunerdally avaQable divinyl benzene. In oth^ relevant aspects RdDex™ 225 is 
^milar in its performance to the ReiOex™ 425 described herdiibefore. Rdllex™ 
402 is a granular powder, in contrast to the bead forms of Reillex™ 225 
and 425, with a partide size of about 60 mesh and a slightly lower, but still 
5 acceptable, maximum temperature for extended use of about 225^C. : 

In addition to the RdUex~ polymers, other polymers having pyridine, or 
pyridyl groups are suitable for pr^aring the catalyst of the present invention. 
These include polymm sudi as KEX™ 316 polymeric amine resin. Cross-finked 
polymers contsuiung vinyl pyridines may be prepared by reaction of the appropriate 
10 vinyl pyridine, divinyl benzene and styrene in toluene and in the presence of 

benzoyl peroxide and an aqueous solution of hydrocellulose, sodium ichloride and 
sodium hydride. Further details of the poly (4- and 2- vinyl pyridine) copolymers 
and their preparation may be found in US Patent No. S, 1 55,26 1 . 

The Group VIII noble metal species is any Group VIII noble metal- 
15 containing compound which is capable of binding to the pendant quatmiised or 
alkylated pyridine groups of the insoluble polymer support to ^ve an active 
carbonylation catalyst Suitably the metal is rhodium or iridium. 

Examples of suitable riiodium-contairung compounds useful in the 
preparation of the heterogeneous catalyst are Rha3, [|Rh(CO)2Cl}2], RhCl3 
20 hydrate. RhBr3 hydrate, Rhl3, Rh (0H)3, Rh203 and rhodium acetate. 

Examples of suitable iridium-containing compounds useful in; the 
preparation of the heterogeneous catalyst include IrCb, Irlj, IrBra, [M^)^]^! 
[Ir(C0)2Clk [IKCO)2Brl2, [Ir(CO)2l2nr. [Ir(CO)2Br2]Tr. [Ir(CO)2l4rfr, 
Pr(CH3)l3(CO)2]"ir, Ir4(C0),2, UCbJHjO, IrBrjJHiO, Ir4(CO)i2, iridium metal, 
25 Ir2Q3, IfOi, Ir<acacXC0)2, Ir(acac)3, iridium acetate, [Ir30(OAcMIf20)3][OAc], 
and hexachloroiridic add [HilrCIe], preferably, chloride-free complexes of iridium 
sudi as acetates, oxalates and acetoacetates. 

The metal spedes on the support is present typically at up to 8% by wdght 
of supported catalyst, preferably 0.05 to 4% by wdght. 
30 The heterogeneous catalyst preferably further comprises a promote. 

Smtable promoters are sdected from rutheiuum, osmium, tungsten, liiedum, zinc, 
cadmium, indhim, gallium and mercury. Preferably, the promoter isjsdected from 
ruthenium and osmium. 

Examples of siutable ruthenium-containing compounds useful in the 
35 prqwation of the promoted heterogeneous catalyst indude ruth^um (III) 
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chloride, ruthenium (HI) chloride trihydrate, ruthenium (IV) ddoride, nithenhmi 
(m) bromide; ruthenhun metal, ruthenhmi o>ddes« nithenium (ID) formate, 
[Ru(CO)3l3jir. tetra(ac^)chlororuthemum(II,III), ruthenmm (ID) acetate, 
ruthenium (HI) propionate; nithenium (HI) butyrate, ruthenium pentacarbonyl,^ 

S trirutheniumdodecacarbonyl and mixed ruthenium haiocarbonyls sUch as 

dichiorotricarbonyiruthenium (II) dimer, dibromotricarbonyiruthenium (EQ dimo*, 
and other organomthenium complexes such as tetrachlorobis(4- ; 
^mene)dtnithenium(nX tetradilorobis(boizene)dimthenium(IIX 
dtchIoro(cydoocta-l,S-d]ene)nithemum (11) polymer and tris(acetylacetonate) 

10 ruthraium (III). 

Examples of suitable osmium-containing compounds uselEul in the 
preparation of the promoted heterogeneous catalyst include osmium (III) chloride 
hydrate and anhydrous, osmium metal, osmium tetraoxide, 
triosmiumdodecacarijonyl, IOs(CO)4l2], [Os(CO)il2h, [Os(CO)3l3lir 

IS pentach]oro*(t-nitrododiosmu]m and mixed osmium haiocarbonyls such as 
tricari>onyldichloroosmium (II) dimer and other organoosmium complexes. 

Exanq>tes of suitable tungsten-containing compounds which may be used 
as scHirces of promoter include W(C0)6, WCU, WCU, WBrs, Wb, or Csflu 
W(C0)3 and any tungsten chloro-,bromo- or iodo-carbon)4 compound. 

20 Examples of suitable rhenium-containing compounds which mzy be used as 

sources of promoter radude Re2(CO)io» Re(C0)5a, Re(C0)5Br, Re(C0)5l, 
ReClj-xHiO, [Re(C0)J]2. Re(C0)4l and Reaj-yHjO. 

Examples of suitable cadmium-containing compounds which may be used 
include Cd(0Ac)2, Cdli. CdBr2, CdCb, Cd(0H)2» and cadmhim acetyiacetonate. 

25 Examples of suitable m^cuTy-contsuning compounds which may be used as 

sources of promoter inchide H^OAxih, Hglj, HgBr2» HgCli. Hgala, and HgzClj. 

Examples of suitable anc-containing compounds which may be used as 
sources of promoter include Zn(0 Ac)}, Zn(0H)2, Znli, ZnBn, ZqCb and zinc 
acet^acetonate. 

30 Examples of suitable gallium-contaming compounds which m^ be used as 

sources of promoter include gallium acetyiacetonate, gallium acetate; GaCli, 
GaBr3, Gat, GaiCU and Ga(0H)3. 

Examples of suitable indium-contaimng compounds which may be used as 
sources of promoter include indhim acetyiacetonate, indium acetate, InCl^, InBr^, 

35 Inl3,InIattdln(OH)3. 
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The molar ratio of each promoter to the Group Vm moal species is 
witably in the range 0.1:1 to 15:1, prefmbiy O.S:l to 10:1. 

The process of the invention is suitably operated at a total pressure in the 
range from 1 to 500 barG, preferably from 10 to 60 barG. 
5 The process is suitably performed at a temperature m the range from 50 to 

TSO'^C, the practical upper operating tempmture bdng dq>endant on the thermal 
stability of the catalyst Preferably the temperature is in the range 100 to ZOO^^C, 
most preferably in the range 1 50 to 200**C. 

The process may be operated as a batch or continuous process^ preferably 
10 as a continuous process. 

The invention will now be iOustrated by reference to the following 
comparison tests and examples. 

Prenaration of ore-formed catalyst from RETLLEX™ 425 resin 

The resin was supplied (by Rdlly Industries Inc.) wet to the touch (40- 
15 50%). The water was removed with methanol. The dried resin was quatcnuscd 
with excess methyl iodide at room temperature and pressure in m^anol solvent. 
The resin was then washed wth methanol to remove unreacted m^yl iocfide and 
air-dried. 
Experimental 

20 All experiments were performed using 300 ml Hastelloy B2 (Trade Mark) 

autoclave equipped with a Dispersimax (Trade Marie) stirrer, liquid catalyst 
injection fiicility^ in-situ liquid sampling system, and cooling coib. A gas supply to 
the autoclave was provided from a ballast vessd, feed gas bdi^ provided to 
maintain the autoclave at a constant pressure. The rate of gas uptake at a certain 

25 point in a reaction nm was used to calculate the rate, rhodium tumov^ (moles 
acetic add/mole rfaodium/h), at a particular reactor compo^on (reactor 
composition based on a cold degassed volume). 

For each batch carbon^ation experiment the Rdll&c re^ was charged to 
the autoclave. The reactor was then pressure tested with nitrogen and vented via a 

30 gas sampling system. The autoclave was ihen flushed with carbon monoxide (3x5 
barG). The remaining liquid components of the reaction composition were then 
charged to the autoclave via a liqiud addition port. The autodave was then 
pressurised with carbon monoxide (typically 4 barG) and heated vnth stirring (1500 
rpm) to reaction temperature, 190X. The total pressure was then raised to the 

35 desired operating pressure, 30 barG by feeding forward carbon monoxide from the 
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ballad vessd. The reactor pressure was maintained (± 0.5 barG) by feeding gas 
from the ballast vessel throughout the experiment Gas uptake from the ballast 
vessel was measured using datalogging fiudlities throughout the course of the 
experiment. The actual reaction temperature was maintained withm 4 of the 

S desired reaction temperature by means of a heating mantle connected lto a 
Eurotherm (Trade Mark) controller. In addition, excess heat of reaction was 
removed by means of cooling coils. At the end of the reaction the ballast vessel 
was isolated and a sample system was flushed with reactor liquid and Ithen a sample 
was taken and was analysed for rhodium by ICP. The reactor was thbn Qiash 

1 0 cooled by use of the cooling coils. The head space gases and liquid piroduct were 
sampled and analysed by gas Chromatography. 
Comparison Test 1 

Baseline reaction under Mow water' conditions 

The batch autoclave was charged with Reillex 425 resin (25 ml 15.8 g) 
15 prior to pressure testing. The autoclave was charged with methyl iodide (20 g, 

0.14 moles), acetic acid (54.9 g, 0.91 moles), meth)i acetate (50.1 g, 0.68 molesX 

water (13 g, 0.72 moles) and [Rh(CO)2Cll2 (0.128 & 0.33 raraoles)! dissolved in 

ac^c add (12.0 g, 0.2 moles) 

When the methyl acetate concentration (caibon monoxide) was calculated 
20 to be 20% by wdght the reaaion rate was calculated to be 1098 Rh tumovers/hr. 

At 10% by weight methyl acetate concentration the reaction rate was 586 Rh 

tumovCTs/hr. 

The liqind sample contained 0.7 ppm Rh at 7.5% methyl acetate, 23% 
water and 12.2% methyl iodide. 
25 Comparison Test 2 

Baseline reaction under ^high water* conditions 

The batch autoclave was charged with Reillex 425 resin (25 ml 15.8 g) 
prior to pressure testing. The autoclave was charged with methyl iodide (20 g, 
0.14 moles), acetic add (48.0 g, 0.80 moles), meth^ acetate (50.0 g/0.68 moles), 
30 water (20 g, 1 .1 1 moles) and [Rh(CO)2Cl]2 (0. 12 g, 0,33 mmoles) (lissolved in 
acetic add (12.0 g. 0.2 moles). 

When the methyl acetate concentration (caibon monoxide) was calculated 
to be 20% by wdght the reaction rate was calculated to be 1558 Rh tumoversAir. 
At 10% by wdght methyl acetate concentration the reaction rate was 892 Rh 
35 tumovers/hr. 
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The Hquid sample contained 20.8 ppm Rh at S.5% methyl ap^e, 6.1% 
water and 12. 1% m^hyl iodide. 

Comparison Test 1 and 2 are not examples according to the present 
mvention because the carbonyiations were conducted in the absrace of hydroggn. 
5 They are included oniy for the purpose of comparison. 
Eramnle 1 

Carbonvlation in the presence of hydrogen under 'low water' conditions 
The batch autodave was charged with R^ex 425 resin (25 ml 15.3 g) 
prior to pressure testing. The autoclave was flushed with Hydrogen (3x5 barG) 

10 then the autoclave was charged with m^hyi iodide (20. 1 g, 0. 14 moles), acetic add 
55.6 g, 0.93 moles), methyl acetate (50.0 g, 0.68 moles), water (13.0 g, 0.72 
moles) and [Rh(CO)2Cl]2 (0.1298 g, 0.33 mmoles) dissolved in acetic add (12.0 
g 0.2 moles). The autoclave was pressurised with 1 barG hydrogen; and then 3 bar 
carbon monoxide prior to heating. 

15 When the methyl acetate concentration was calculated to be 20% by weight 

the reaction rate was calculated to be 1 166 Rh tumovers/hr. At 10% by wdght 
methjd ac^te concentration the reaction rate was 606 Rh tumovers/hr. 

The liquid sample contained 0.2 ppm Rh at 6.4% methyl acetate, 2.1% 
water and 12. 1% m^yl iodide. 

20 Example 2 

Carbonvlation In the nresence of hydrogen under *high water' conditions 
The batch autoclave was charged \wth Reill^ 425 rean (25:ml 13.2 g) 
prior to pressure testing. The autoclave was flushed with Hydrogen (3x5 barG) 
then the autoclave was charged with methyl iodide (20.0 g« 0. 14 mplesX acetic add 
25 (47.9 g, 0.80 moles), methyl acc^e (50.0 g, 0.68 moles), water (20.0 g, 1 . 1 1 
moles and [Rh(CO)2Cl]2 (0.127 g, 0.33 mmoles) dissolved in acetjc add (12.0 g 
0.2 moles). The autoclave was pressurised with 1 barG hydrogen and then 3 bar 
carbon monoxide prior to heating. 

When the methyl acetate concentration was calculated to b^ 20% by wdght 
30 the reaction rate was calculated to be 1 584 Rh tumovers/hr. At 10% by wdglit 
methyl acetate concentration the reaction rate was 926 Rh tumovers/hr. 

The liquid sample contained 12.1 ppm Rh at 7.1% meth^ acetate, 6.5% 
water and 12.2% methyl iodide. 
Example 3 

35 Carbonvlation in the nresence of hydrogen under ^high water* conditions 
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The batch autodave was charged with ReiUex 425 resin (2S in] 13.4 g) 
prior to pressure testing* The autoclave was flushed with Ifydrogen (3 x S baiG) 
then the autodave was charged wih meth)4 iodide (20. 1 g, 0. 14 mojesX acetic add 
(48,5 g, 0.81 moles), m^fayl acetate (50.0 g, 0,68 moles), water (20!o g, 1. 1 1 ^ 

5 moles) and [Rh(CO)2Cl]2 (0.126 g, 0.32 mraoles) dissolved in acetic add (12.0 g, 
0.2 moles). The autodave was presairised with 4 barG hydrogen aiid then 9 bar 
carbon monoxide prior to heating. The total pres^ire of the autodave during the 
reaction was nmintained at 33 barG, (i.e. maintain partial pressure of carbon 
monoxide for comparison with Comparison Test 2). 

1 0 When the methyl acetate concentration was calculated to be 120% by wdg^ 

the reaction rate was calculated to be 1913 Rh tumovers/hr. At J0% by wei^ 
metb)4 acetate concmtration the reaction rate was 1 1 13 Rh tumovers/hr. 

The liquid sample contained 15.2 ppm Rh at 4.6% methyl acetate, 5.8% 
water and 1 2. 1% methyl iodide. 
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